IntRoduCtIon Drug-eluting stents (DES) are associated with lower rates of target vessel revascularisation (TVR) [1] [2] [3] [4] compared with bare-metal stents (BMS), possibly with a particular benefit in women. [5] [6] [7] However, it has been difficult to compare both the efficacy and safety of DES versus BMS in female subgroups as clinical trials often enrol a low proportion of women. Recently, a large pooled study of female participants showed DES to be safe and more effective, 8 but by design a male comparator group was not included. The Basel Stent Kosten-Effektivitäts Trial-Prospective Validation Examination (BASKET-PROVE (BP)) 9 and the BASKET-PROVE II (BPII) 3 trials were large all-comers randomised stent trials comparing DES versus BMS in patients with large coronary vessels. In the present study
Key questions
What is already known about this subject?
► Drug-eluting stents (DES) are associated with lower rates of target vessel revascularisation compared with bare-metal stents (BMS) in both genders -possibly with a particular benefit in women. However, inferences on efficacy and safety of DES versus BMS have been difficult to study in female subgroups as clinical trials on coronary artery disease often enrol a low proportion of women.
What does this study add?
► This study conducted on patients requiring stenting of large coronary arteries reports an adjusted comparison of BMS versus DES in women with a male comparator group. DES were associated with improved safety in women and superior efficacy in both genders compared with BMS. These findings consolidate prior findings that DES are safe and effective in women but indicate a safety benefit not observed in men.
How might this impact on clinical practice?
► Our findings suggest that DES may be regarded as the stent of choice for women.
we investigated the safety and efficacy of DES versus BMS in both women and men in a pooled analysis of BP and BPII.
MetHods study population
A more comprehensive description of the BP and the BPII trials can be found elsewhere. 3 9-11 In brief, the BP ( clinicaltrial. gov ID: NCT01166685) and BPII (ISRCTN registry number: ISRCTN72444640) trials were large prospective all-comers randomised trials comparing DES versus BMS. Patients with chronic or acute coronary disease undergoing angiography and stenting of large coronary arteries at least 3.0 mm in diameter were included. Cardiogenic shock, in-stent restenosis or thrombosis, unprotected left main coronary artery or bypass-graft disease, planned surgery within 12 months, need for oral anticoagulation or increased bleeding risk, known intolerance to or suspected noncompliance with long-term antiplatelet drug therapy, history of transient ischaemic attack or stroke, and impossible follow-up were exclusion criteria. In BP the patients were equally randomised 1:1:1 to receive a BMS, a first generation DES or a second generation DES. They received aspirin indefinitely and clopidogrel for 1 year as antithrombotics. In BPII the patients were randomised 1:1:1 to receive BMS or one of two second-generation DES (a second-generation durable-polymer DES or a biodegradable-polymer DES). Aspirin and prasugrel were prescribed as antithrombotic medication. Prasugrel was prescribed in a risk-adjusted dose for 12 months, except for patient with stable angina pectoris (SAP) treated with BMS, who received prasugrel for 1 month. In both BP and BPII, the patients were followed up for at least 2 years to investigate late events.
endpoints
The primary endpoint in the present study was a combined safety and efficacy endpoint of major adverse cardiac events (MACE) including cardiac death, non-fatal myocardial infarction (MI) and non-MI TVR at 2 years. Our secondary outcomes were (1) a combined safety endpoint consisting of cardiac death and non-fatal MI, and (2) an efficacy endpoint defined as non-MI TVR. Cardiac death was defined as any death without a clear non-cardiac cause, and non-fatal MI as a clinical event with characteristic ECG or enzymatic changes, not leading to death. Non-MI TVR was any revascularisation of the primary target vessel not associated with MI. 3 9-11 An independent committee adjudicated all critical events in a blinded fashion, with exception of the last third of endpoints in BP that were adjudicated without blinding.
statistics Discrete data are presented as counts and percentages, and continuous data as median and IQR. χ 2 test was used to compare categorical data and non-parametric MannWhitney U-test to compare continuous data. We analysed the cumulative incidence of endpoints at 2 years by using Kaplan-Meier estimator. The log-rank test was used to evaluate sex specific differences. The safety (cardiac death or non-fatal MI) and efficacy (non-MI TVR) of DES versus BMS in men and women with large coronary vessels were examined with adjusted Cox proportional hazard regression models. The Cox model for MACE was adjusted for age, clinical presentation (ST-elevation myocardial infarction (STEMI), non-ST-elevation acute coronary syndrome (NSTE-ACS) or SAP) and a history of current smoking, diabetes mellitus, hypertension or hypercholesterolaemia. The Cox models for the secondary endpoints were only adjusted for age and type of stent according to few endpoints. Interaction between sex and type of stent (DES vs BMS) was addressed using a likelihood ratio test. The proportional hazards assumption was tested quantitatively by testing Schoenfeld residuals for time dependency and visually by log-log curves. The analyses were done by the intention-to-treat principle. Sex-specific analyses for each individual BP and BPII study has been specified a priori, 9 11 while the present pooled study was designed and performed post hoc. All statistical tests were made with Stata/IC V.14.0 (StataCorp) and had a two-sided significance level of 0.05.
Results
In total, 4605 patients (23.4% women) were included in the analysis (figure 1). DES and BMS were equally distributed between the sexes with 65.6% of the women and 67.2% of the men randomised to receive a DES. Mean follow-up time was 732 (IQR (701-757)) days. Table 1 shows the baseline characteristics.
Baseline characteristics
Women were older and presented with more hypertension, heart failure and renal disease than men, while risk factors such as current/former smoking, prior MI and prior revascularisation were more frequent in men. There were no significant differences in patient characteristics between the two stent type groups (BMS and DES) in neither men nor women. No significant differences between sexes in clinical presentation with respect to distribution of STEMI, unstable (NSTE-ACS) and SAP were seen. In terms of clinical presentation, NSTE-ACS was more prevalent in the DES group among women compared with the BMS group. STEMI was a more frequent presentation among men in the DES group versus the BMS group. Men tended to have more severe coronary disease in terms of more multivessel disease and chronic total occlusion than women (online supplementary table 1). Table 2 lists procedure-related characteristics.
Compared with women treated with DES, significant more women treated with BMS had bifurcational lesions (p=0.037). The length of stent per lesion was significant larger in men in the DES group compared with men in the BMS group (p=0.009). No other differences in the procedure-related characteristics were seen between the two stent groups in either sex.
efficacy and safety DES significantly reduced the risk of MACE at 2 years compared with BMS in both women and men, and the cumulative incidence was significantly reduced in women (6.1 vs 14.7%; adjusted HR, 0.36 (95% CI 0.24 to 0.55)) and in men (7.7 vs 12.1%; adjusted HR, 0.62 (95% CI 0.50 to 0.77)) (figures 2 and 3). There was a significant interaction between sex and type of stent (adjusted p=0.02).
The stent-dependent difference in MACE was mainly driven by a difference in the efficacy endpoint non-MI TVR in both women and men, with a larger effect in women compared with men (2.3 vs 9.2%; adjusted HR, 0.24 (95% CI 0.13 to 0.44)) and (4.0 vs 7.8%; adjusted HR, 0.48 (95 % CI 0.36 to 0.64)) (figure 3). The adjusted p value for interaction was 0.049. DES significantly reduced the relative hazard of the combined safety endpoint non-fatal MI and cardiac death compared with BMS with 52% in women (2.9 vs 5.3%; adjusted HR, 0.48 (95% CI 0.26 to 0.90)), and with a smaller and non-significant effect seen in men (3.3 vs 4.7%; adjusted HR, 0.73 (95 % CI 0.51 to 1.04)) (figure 3), but no significant sex-stent interaction was seen (p=0.27 for interaction). Similarly, the adjusted risk of cardiac death was significantly reduced in women (1.2 vs 2.8%; adjusted HR, 0.36 (95 % CI 0.14 to 0.91)), but not in men (1.4 vs 2.1%; adjusted HR, 0.76 (95% CI 0.44 to 1.27)) (p value=0.16 for interaction). No significant differences in non-fatal MI were seen between DES and BMS, in men or women (figure 3). Event rates stratified by stent type and generation are summarized in Supplementary Table 2 .
dIsCussIon

Key findings
This pooled analysis of patients requiring stenting of large coronary arteries demonstrated an improved safety of DES in women, but not in men. In line with prior findings, we found a lower risk for MACE in DES versus BMS in both sexes; mainly driven by lower rates of clinically driven TVR.
Interpretations
Although no sex-stent interaction was found for the combined safety endpoint of cardiac death and non-fatal MI, we did observe a significant safety benefit in women treated with DES. Only a trend towards improved safety was found in men despite a larger sample size and more complex coronary artery disease (CAD). These findings suggest that factors other than vessel size and complexity of CAD were involved in the observed sex-related difference in safety and efficacy. A substudy on the BP trial found a tendency towards a sex difference in MACE in the benefit of DES, but the study was underpowered to show a difference in safety. 7 In a large pooled analysis (n=11 557) of only female participants, Stefanini et al 8 found a differences in safety with respect to DES and BMS, consistent with our findings. The study did not include a male comparator group and a considerable heterogeneity among their study population was present. Our study contributes with data on a large homogeneous group of patients with CAD. The NORSTENT study did not find a differences in death from any causes and nonfatal spontaneous MI after 6 years in a large population of patients treated with DES and BMS, respectively. 4 However, gender subgroup analysis was not performed in this study.
On average women have smaller coronary vessels than men, and it has therefore been suggested that women might benefit more from DES. In our study, however, the diameter of the treated coronary vessels was above 3 mm in diameter in both women and men, and accordingly smaller vessels in women cannot explain the particular female benefit of DES. The explanation may lie in differences in pathogenesis and pathology among men and women with CAD. It has been shown that vascular inflammation is more pronounced in women with CAD than men, 12 in particular a higher C-reactive protein raise has been observed in women with acute coronary syndrome. 13 This is in accordance with the average female C-reactive protein measure which in general is higher than the male.
14 Figure 3 HRs endpoints at 2 years in women and men. *The models for MACE were adjusted for age, clinical presentation, smoking, diabetes mellitus, hypertension and hypercholesterolaemia, while the remainders of endpoints were adjusted for age. BMS, bare-metal stent; DES, drug-eluting stent; MACE, major adverse cardiac events; MI, myocardial infarction; TVR, targetvessel revascularisation.
The composition of atherosclerotic plaques has been shown to differ between the sexes, and among patients with acute coronary syndrome less rupture and less necrotic core and calcium was seen by angiographic and intravascular ultrasound measures in women compared with men. 15 Moreover, release and distribution of drugs from DES in vitro depends on the compositions of the atherosclerotic plaque. 16 The plaque-dependent difference in drug distribution and diffusion to the vessel wall in combination with any sex-related plaques compositions may explain some of the differences in safety and efficacy between men and women treated with DES.
strengths and limitations
By pooling data from two clinical trials with very similar design, follow-up time, endpoints and inclusion and exclusion criteria, we analysed a large, very homogenous study population from several European countries. Still, our study has some limitations. First, different types of DES were used in the two studies. Thus, only an overall effect of DES was examined and it was not possible to detect if one type of DES was more effective. Second, the prescribed antithrombotic medications were of different types in BP and BPII, respectively. Third, not enough safety events were found to allow meaningful interaction testing between sex and type of stent. Fourth, no quantitative data on coronary angiography findings were available to us. Finally, we were examining patients with large coronary vessels, and it is therefore not possible to extend the results to patients with smaller vessels.
ConClusIon
In this pooled study of patients requiring stenting of large coronary arteries, we found evidence that DES was associated with improved safety in terms of cardiac death and non-fatal MI at 2 years compared with BMS in women. Efficacy of DES versus BMS was superior in both sexes, although women benefited more. Thus, DES is a safer and more effective stent in large coronary arteries in women than BMS and may be regarded as stent of choice for women needing stenting of large coronary arteries. Future studies should seek to elucidate the biological mechanisms underlying the suggested differential vascular responses to stent implantation in women and men.
